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PROVISIONAL SPECIFICATION ^ 

Impiroved Method of High Vacuum Distillation 

+J^\5T™J Ja ? sm > a «°i ln P a ^I re Si 3 - Tie earriel liquids facilitate the high 

teiea under the Laws of Great Britain, vacuum-short path and in navicular mole- 5S 

W(?9 f F°T' i S ?* n S'' London, culju ■distillatfo-a of the'' fractions with 

S ffiSiiSi'if**?- ^ naillr6 Qi v^h P 1 * 7 are associa * e d » fractional 

5 tills invention, which has been eommuni- distillates, 

eated to Us by Eastman Kodak Company. One preferred .carrier is an oil whioh » 

a ■ Company organised under the Laws of a mixture of components, having different 60 

the State ot Hew Jersey, United States boiling points such that on e of these 

™ Lwf,"^ °i l^'-rr ^ Street . exponents will distil with say, a low 

10 Rochester New York, United States of lag fraction, one with aay, B medium 
Am ,f r . lca .' to \ e . tts follows boiling fraction and one with say a- hijyh 

, m ™JH Qn reIatea to improved boiling fraction. It is an essential feature 6S 

method of high vacuum distillation, par- of this process that the diluent oil whether 

Il y ° f T l l aimna ' 8iero1 ^ hormones complete or resolved into its various oon- 

15 ana otaer substances possessing similar stituentfractilras-.BhaUfoereadiry removed 

therapeutic properties. The invention has f "»u the substances desired, without 

special reference to the process of high damage to them. The process of.removal 70 

vacuum-short path distillation which is m ay be effected by either, physical or 

generic to that particular .form of distil- chemical means. One carrier oil may be 

20 mtaon known as " molecular " distilla- used for each component or again one 

tion^ High vacuum-short path distilk- particular diluent oil may contain 'com- 

tion M send to be " molecular " when the ponents of such varying hoiKna .points as 76 

distance separating evaporative and con- to replace tie necessity of adding several 

(tensing surfaces is equal to or less than carrier oils. 

25 the mean free path of the molecules of the , TJ ie following examples, whilst not 

substance being distilled. limiting the scope of the invention, will 

As is well known certain vitamins aTe illustrate the manner in which it may be 80 

liable to heat and readily suffer deoompo- performed, 

sition with consequent loss of their thera- ExAuraa I. 

30 peutic qualities. In our copending appli- la the distillation of sterol-containinir 
cation 27534/36 (Serial No. 478,134) we oils to obtain fractions consisting sub- 
have already proposed in the molecular stantially of cholestane and stigmasterol 86 
distillation of a distilland containing respectively, a carrier liquid consisting of 
vitamins, sterols or hormones to add a a mixture of tripalmitin and tricaproin or 

35 carrier liquid which has a boiling point, dicaproin monqpalmitin ie added to the 

va. the neighbourhood of a particular frac- distilland and the cholestane distilling at 

|«m of the dutiliate desired. This liquid substantially the same temperature as the 90 

tacintates the molecular distillation, and tricaproin or dicaproin monopalmitin 

often allows it to be performed at a lower and the stigmasterol distilling with 

40 temperature. the tripalmitin. The distillate frac- 

, According to this invention, when it tions are then saponified when in the 

is desired to collect a plurality of frac- first case the tricaproin or dicaproin 96 

tions trom. any one substance, carrier monopalmitin is converted to a soap 

liquid or liquids, is or are added' to the and can be readily removed by solu- 

45 distuiaad, capable of producing distillate tion in water and extraction of the noa- 

. tractions equivalent in number to the saponifiable matter with ether and 

number of distillate fractions obtained repeated washing with -water etc and 100 

from the" material "being distilled, "these likewise in the second case tripalmitin is 

distillate fractions from the carrier liquid converted to Na tripalmitate, and the 

50 having the further property of being* saponifiable .and non-saponifiable fractions 

. . easily separated from the distillate frac- can be readily separated as before. By 

• tions of the substances under investiga- use oi thesB readily removable carrier 105 

"toon- . .. I oils, valuable vitamin, sterol and hormone 



_ concentrates can be obtained without their 

_.^suifering undue damage during the dis- 

~~ tillation process. 

Exampeb 2. 
6 In the separation of free Yitamia D 
from Yitamin A esters, monMaproin 
dipalmitin may he added to the distilland 
and will distil with the free Yitamin D 
fraction and triolein may he added to the 

10 distilland to distil with the Yitamin A 
esters. The glycerides may be removed 
later by saponification eta, as in Example 

' -. ' - Examege 8. 

15 ' To facilitate the separation of henz- 
pyrene from oholesteryl hutyrate by mole- 
cular distillation oleic acid is added to the 
distilland to distil with the henzpyrene 
and triolein is added to distil with the 

20 cholesteryl butyrafe. On subsequent dis- 
tillation with fractionation and neutralis- 
ation of the distillates, alkaline oleat'e can 
readily be separated from the benzpyrane 
and. alkaline trioleate and alkaline buiy- 

25 rate can he separated from the cholesterol. 

• ExAMP J/B 4. 

In the separation by distillation of the 
substances anthracene, cholesterol and 

■ digitogenin, the addition of constant yield 
80 oil (as described in application 18759/86) 

to the distilland facilitates the separation 
of these three substances. 

BxAiTPM 5. 

■ ' In • the separation, of indigo from Di 
85 brom indigo, it is advantageous to add di- 

caproin monopalmitin to the mixed dis- 
tilland which will distil with the indigo 



and to add triolein to distil with the 
di-brom-indigo. After distillation the 
respective distillate fractions are saponi- 4Q 
fled as in previous examples. 

Broadly speaking it will he seen that 
. esters are the most suitable carrier liquids, 
while mineral oils are usually unsuitable 
on account of the difficulty of separation. 45 

By adding to the distilland a carrier 
liquid or liquids capable of distilling over 
in a plurality of fractions each accom- 
panying a desired fraction of potent 
material^ there is no necessity to distil a 50 
carrier liquid unaccompanied by desired 
fractions (except in example 4) and thus 
the load on the still is reduced. Inter- 
mediate flushing of the condensing sur- 
faces with a readily separable liquid may 55 
be employed to avoid contamination of one 
fraction by the preceding fraction. 

B will be apparent that whilst carrier 
oils distilling at the same temperature as 
the required distillate fraction will con- 60 
tinue to distil after the majority of the 
distillate required fraction has been con- 
'densed and will therefore assist in flushing 
the condensing surface, carrier oils hav- 
ing a boiling point slightly above that of 65 
the required distillate may also "be UBed 
with advantage, since they will be evolved 
individually and will sweep the substance 
from the still and simultaneously clean 
the condensing surface. 

Dated this 19th day of April, 1937. 
■W. P. THOMPSON & CO., 
13. Church Street, Liverpool, 1. 
Chartered Patent Agents. 
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COMPLETE SPEOIPICATION 
Improved Method ol High Vacuum Distillation 



■ TPe, Kodak Lxmetbd, a Company regis- separating distilling and ' condensing sur- 
" " " ";reat Britain, faces is somewhat greater than the mean S 
London, free-path ofthe molecules of the distilland 



• * tered Tinder the Laws of Great. 1 

of Kodak House; Kingsway, Loncum, hcb^mi ui iiio muiajuios once msuuanu 

TY.G.2, do hereby declare the nature of and when the distillation pressure is in the 

76 this invention, which has been communi- neighbourhood of 0.0 mm. Hg. and pre- 

catedto us by Eastman Kodak Company, ^ferably less, then this form of distillation 

a Company organised under the Laws" of w known as high vacuum-short path dis- 100 

the State of -*ew Jersey, United States tillation. Molecular distillation conv 

of- America,; ■ of- 343. State Street, prises a -specific form of high vacuum- 

80 Bochester, 3Tew Tork, United States of short path distillation in that not only 



America, and in what manner the same is does an unrestricted space exist' between 
to he performed, to be particularly the distilling and condensing surfaces 



105 



to be performed, to be paruouiany me msum 

described and ascertained in and by the above but 

following statement!— - " distilling a 

> This- invention relates to an improved to or less than the mean free path, of the 

method of high- vacuum distillation of moleoules of the distilland ana the distil- 

organic materials and has particular refer- lation process is preferably carried out at 110 

ence to the distillation of vitamins, sterols, pressures over the range 0.0001 mm. Hg. 

hormones and other substances possessing to 0.00001 mm. Hg. 

90 valuahle .therapeutic properties. High -It is known that therapeutic 'substances 

lotion is defined as distilia- such as vitamins are extremely liable to 

place . at a pressure below heat and readily suffer decomposition with 115 

'cury. . When -Hie distance consequent Joss of their therapeutic pro- 



tSon.- -taking 
10 : 
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fjSSkJfc? «° r ^°£ mes P 85 ? 011 ^? wtanab as distillate, one can, with 

'St. L m i 108 ^ ™ stance « &b advantage, employ an idded oil which fa 

™ ° r other paired substances are saponifiabfe. The diaiiUata Eel 

6 SSSa A 11 «™W«.™»«tiM mi it is would {hen be a mixtuxTof tie fi 

«. 8 TSi 8 f em foom t > B P ail1 MMaponiflaMe distillate and aaponifiable 70 

Sble l£frf? T <> onipletely »5 f" ? r H ^ d ( raetio118 - Tie oar&JSB 

/ as been proposed fractions can then be separated in a simple 

m our patent specification BTo. 471,184 manner by saponification with Hp S 
10 •JStttSiL""?*' *? 4316 °* the.non^aponifiable material. 

&S^ an; j l t 8 ^ rol8 ? r ^ omolle8 . < llsti Hi»g substances snob, as vitamins, 76 

i? ™ 5.v ^ a hoi ? in f P oint ¥F°^s. «tewa«. *Hch are non-saS- 

tflft fS^lT**!? 04 ^ a >] e > t¥ s expedient can be used with con- 

faUate fracfaon, hereby .distilling at tbe siderable advantage. 

IB wi, ? ™e P^oular distillate Added carrier liquids may be used 

SSSfi ^ d & 0lll & £ e latte ' 8 w > icl1 are ^ parable by methods 80 

ZZ LrSll^i to*®"**, »»t "nly other than chemical separation, for 

Car ZS^tI 81 ? ^ 5* ft ? nstaacBa ^ed ysatiefaotoryoilVould 

wot temperature. It haB also been be one which is miscible with the 

20 ^ P °5ao n2? ^J^V speoifloation dastilland and distillate at elevated tern- 

, JSh2P t0 - & r to the ^and, Penttnna but immiscible therewith at low 85 

a synthetic mixture compounded so temperatures. This material could be 

~ * 5„ constant - or known added to tie distilland and, upon distilla- 

• f f0r eao11 mlifornl mktaw of aistilWee Tvould be 

mcrease in temperature. obtained which could be readily separ- 

m Aocoxding to the present invention, a ated by mere cooling or super-csooEnij 90 

• P w r * h ^iJ^- JV 1 *^ fractions are followed hy filtration? Other methodsTf 

obtained by distillation of any particular separation, such as by partitioning in 

organic substance by using one or more differential solvents, or by fractional 

carrier liquids capable of yielding distil- crystallization, are to bB understood as 

dU late ffaciions equivalent in number to the being contemplated and within tbe scops 95 

number of distillate fractions required of this invention. 

from the substance- and of which one One carrier oil may be used for each 

{Mais contemporaneously with each component or again, one particular 

„ ? f desired fractions. The distillate diluent oil may contain components of 

S6 fractions from the one or more carrier such varying boiling points as to avoid 100 

liquids must have the further property the necessity of adding several carrier oils, 

of being easily separated from the The following examples, whilst not 

desired fractione, either by phyBioal limiting the scope of the invention, will 

pr chemical ineanB. Thus, if it illustrate the manner in which it may be 

40 is desired to collect two epecific distillate performed. J iQS 

fractions from a particular raw material, Ejwjn?nB 1. 

a carrier liquid is added to the distilland In the distillation of sterol-containing 

which itself provides two fractions dis- oils to obtain fractions consisting subatan- 

tLUmg contemporaneously with the desired tially of cholestane and stigmasterol 

46 fractions. ....... . , respectively a carrier liquid consisting of 11Q 

in a modification of the invention, the a mixture of tnpalmitih and tricaproin 

number of carrier liquids or of carrier or dicaproin monopalmitin is added 

liquid fractions may be increased in order to the distilland the cholestane dis- 

to provide one or more intermediate frac- tilling at substantially the same 

: 50 toons serving as flushing liquids prior to temperature as the tricaproin or 115 

and/or subsequent to the distillation of the dicaproin monopalmitin and the Bti°ma- 

desired fractions. sterol distilling with the tripalmitia. The 

It is an essential feature of this process distillate fractions are then saponified 

that the diluent oil whether complete or when in the first case the tricaproin or di- 

S5 resolved into its variouB constituent frac- cnproin monopalmitin is converted to a 120 

tions, shall be readily removed from the soap and can be readily removed by solu- 

substances desired, without damage to rion ia water and extraction of the non- 

™em. sapoaifiable matter with ether and 

The choice of earner liquid or liquids repeated washing with water jetc, and 

60 will depend upon the nature of the dis- likewise in the second case tripalmitin is 125- 

tilland to which it is to be added. Tery converted to Ba tripalmitate. and the 

closely related substances cannot usually saponifiable and non-saponifiable frae- 

be easily separated and therefore should tions can be readily separated, as before, 

be avoided. When distilling a distilland By use of these readily removable carrier 

66 in order to separate non-saponifiable oils, valuable vitamin, sterol and hormone 180 



•concentrates." can- T)e" obtained without 
their suffering .undue '-damage- during the 
. distillation process. . - • . . 

ExAjanaa 2. . . 
5 ". In? the 'separation oj free. "Vitamin B 
from Yifamin--A esters. mono-eaproin 
••drpalmitin nW lie added to the distilland 
and .will .distil wth. .the free Titajnin D 
• fraction -and triolein inay he added to the 
D djstilland to 'distal -with, tie Titamin A 
estera.. 'The glyoerldeVmay" TjefreWoVed 
'•later by saponification as in'. Example 1, 

ExiMH-B 3. - - 

. To 'facilitate, the separation of benz- 
5 pyrene'fyom cholesteTylbntyrataby mole- 



tbVdistilknd.. to distil .-with, the benz- 
pyrene and.trio-lein is, added to distil.with 
tbo cholesterol but^rate". .On subsequent 
0 distillation with fractionation' and neutra- 
lisation of the. 'distillates,, alkaline .oleate 
- can .readily ba separated from "the henz- 
pyreue and allcaline .trioleate and alkaline 
-biityra'fe' can be separated' from . the 
5 cholesterol.' .'•'. '.'.'. .' 
. ' '. .'.' Example '4. 
. " In the separation of indigo from di-biom 
indigo, it is advantageous to add dicaproin 
moncpalmitin. to. the '.mixed distilland 
3 which ■will distil with the-, indigo and to 
add triolein to .distil with the di-brom- 
indigo. After distillation the respective 
distillate fractions are saponified as in 
previous examples. ..." 
5 Broadly spealdhg it -will be seen that 
esters, and particularly esters of high 
molecular weight aliplmtic fatty acids, 
are the most suitable carrier liquids, while 
mineral oils are usually unsuitable on 
0 account of the difficulty of separation. 
.By adding tor the distilland a carrier 
liquid or liquids capable of distilling over 
in a plurality.of fractions each accom- 
panying a desired f taction of potent mate- 
5 rial, "there is no necessity to distil a carrier 
liquid unaccompanied by desired fractions 
and thus the load on the still. is reduced, 
intermediate flushing .of the condensing 
surfaces with a readily separable liquid 
3 may.be employed to avoid contamination 
•of one. fraction by 'tie' preceding fraction. 
. Such flushing is however preferably 
efiected'by a /particular component, of the 
carrier liquid^ i.e. by one or more of the 
" — Kk - '-" * — ' contained -within 



"tie carrier liquid and is readily separable 
from -the desired distillate by saponifiesi- 
• tion ol other'means. 

It will Bb apparent that Whilst carrier 
oils. distilling at the same .temperature as 60 
the requited .distillate fraction will coa- 
tinue to distil 'after the majority of the 
.distillate required .fraction has been' con- 
densed and will therefore assist in- flush- 
ing the .epndensing surface, carrier oils 65 
having a.boiling point slightly above that 
-of the required distillate may also be used 
with advantage, since they will be evolved 
rindividually and.wiU.sweep the substance 
from the still and simultaneously clean 70 
the condensing surface. 

Having now particularly described and 
ascertained the nature of our Said inven- 
tion and. in what manner the same is to be 
performed, we declare that what we 76 
claim is: — 
1. A process of high vacuum distilla- 



58 plurality, of fraction 



stances .to obtain two or more fractions, 80 
which comprises adding to the distilland . 
one or morn carrier liquids which on dis- 
tillation yield the same number of frac- 
tions, of which one distils contemporane- 
ously with each of the desired fractions oo 
but is readily separated therefrom. 

2. A process aa claimed in olaim 1, 
carried out under conditions pertaining to 
high vacuum-short path and particularly 
molecular distillation. 90 

3. A process as claimed in claims 1 or 
2, in which a Haturally-ocpurria<r carrier 
liquid is used, comprising therein several" 
components of difiering volatility.. 

4. A process as claimed in claims 1 or B? 
2 in which two or more esters comprise the 
carrier liquids. 

5. A modification of the process as 
claimed in any of the preceding- claims in 
which the number of carrier liquid frae- 100 
Hons is increased so that one or more 
intermediate fractions serve as flushing 
media prior to and/or subsequent to the 
•distillation of one or more desired 
fractions. 105* 



13, Ohurch Street, Liverpool, 
-Chartered Patent Agents. 
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